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the necessity for the presence of water vapor in the reactions of many gases, for example, in the combination of carbon monoxide and oxygen, can be formulated on the theory that the reactions occur in two stages:
2CO + 2H20 = 2C02 + 4H 4H + 02 = 2H20
The fact that sulphuretted hydrogen, ethylene, ammonia, hydrogen chloride and pentane will also facilitate combination of the same two gases seems to support the viewpoint. In the lead chamber process of sulphuric-acid manufacture a similar cycle of reactions is postulated for the reaction mechanism of the catalytic action.
It must be observed, however, that the possibility of heterogeneity even in such apparently homogeneous media as these under discussion, cannot be totally excluded. Under such circumstances the possibility of the second mode of explanation must also be envisaged. In homogeneous liquid systems the intermediate compound theory has been widely accepted since the explanation by Williamson of the function of sulphuric acid in the etherification process previously given. The intermediate compound is employed to explain the large group of catalytic reactions in homogeneous liquid systems in which the active agent is a dilute acid. Thus, in the hydrolysis of esters a recent formulation of the reactions occurring1 may be represented in the following equilibrium equations:
CH3 COOC2H6 + HC1       = CH3.COOC2H5.HC1 (a binary oxonium compound) CH3COOC2H5.HC1 -h H20= CH3. COO. C2H5.HCl.H20\a ternary oxonium compound) CH3 COOC2H5.HC1.H20    = C2H5.OH.HC1 + CH3 COOH C2H5.OH.HC1                    = C2H5 OH + HCL
Such a representation would account for the observation that the acid accelerates both the hydrolysis and the reverse process of esterification. The proof of the existence of such binary and ternary compounds is given in the systematic researches of Kendall and his colleagues.2 From these studies the general rule has been deduced that the tendency towards compound formation is the more marked, the greater the chemical contrast between the basic nature of the ester and the acidity of the catalytic agent. The concordance of this conclusion with the observation that the catalytic activity in ester hydrolysis is greatest with the strong acids and diminishes with decreasing strength of acid forms a striking piece of evidence in favor of the intermediate compound theory in such systems.
In heterogeneous catalytic reactions the role of the intermediate compound is less certain. It is apposite, however, to record that catalytic activity is common in the case of substances which may exist in more than one state of oxidation. Cuprous chloride as catalyst in the Deacon chlorine process is an example in point, the reaction mechanism being formulated by the following cycle of equations:
2CuCl2 = CuaCla + C12 Cu2Cl2 + O = CuO.CuCl2 CuO.CuCl, + 2HC1 = 2CuCl2 + H2O
In support of this is the observation that the chlorides of most substances capable of forming oxychlorides are similarly active in the oxidation of hydrogen chloride to chlorine. Other similar cycles might be cited from industrial catalytic processes, especially in the case of the numerous reactions promoted by the presence of iron'
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